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ABSTRACT 
This thesis investigates the concept of electronic food traceability throughout the supply 
chain, with an emphasis on Traceable Resource Unit (TRU) identification, data management, 
and information exchange technologies from farm to fork.  To accomplish these tasks, a 
UML (Unified Modeling Language) was used to create a product centric data model for 
managing TRU traceability data throughout the chain. After this step XML (Extensible 
Markup Language) schema was created using the UML model as a model foundation. The 
schema was used for the validation of XML files, which was written as an example of 
traceability information exchange and record keeping within and between supply chain 
parties. The model was able to represent production lots/batches and their sub components. 
The composition of a certain end product is then represented through modeling all its 
previous materials along with their intermediate relations. By registering all relations 
between each TRU, a method of tracking the composition of the end product was achieved. 
The second part of the thesis investigates the use of GIS (Geographic Information Systems) 
for creating a farm based traceability system. The system was able to visually identify and 
record each activity at the farm level, therefore enhancing upstream supply chain traceability.
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CHAPTER 1: INTRODUCTION 
Introduction 
Due to the dramatic increase in food borne illnesses over the past decade, consumers 
become more and more concerned about the safety of the food they consume. Food has to 
travel much further than in previous decades, changing several hands before it reaches its 
final consumers. In an event of an outbreak these complex food production and distribution 
structure makes tracing and tracking of food a challenging task and has caused severe 
financial losses. This has lead food industry and regulatory bodies to take action on 
enhancing food safety by introducing new food safety and traceability standards. For 
example, since 2002 the European Union now requires food business operators to have 
traceability systems based on the ‗one-up, one-down‘ principle (the 178/2002 Common Food 
Law). Essentially, this means that besides keeping records of current process, food industry 
participants are required to keep track of all products delivered to their customers and of all 
ingredients and raw materials received from their suppliers.  In the USA, the Bioterrorism 
Act 2002 requires for food industry participants to keep record of each product they receive 
and a record of to where each product was sent; which is referred to as one-up/one-down 
traceability.  
 Thesis Outline 
The thesis consists of two parts; the first part of the thesis investigates the concept of 
establishing whole chain electronic traceability throughout a grain supply chain, with an 
emphasis on determining the best practices for the development and implementation of such 
systems. Analysis of the Traceable Resource Unit (TRU) dynamics, design of an information 
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model that integrate traceability within the concept of product centric data modeling, as well 
as  the analysis of common information exchange methods for establishing electronic whole 
chain traceability  
The second part the thesis explores how GIS can be used for tracing/tracking grain at 
farm level. GIS provides tools for linking traceability data with a geographical location. To 
be able accomplish this goal a GIS based geo-database was developed to provide an efficient 
and effective way to trace and track the IP production at farm level. This proposes a 
reference data model for farm base traceability to eliminate GMO contamination and comply 
with current grain production regulation by using GIS (Geographic Information Technology) 
and the integration of GrainSafe Program for crop production as the foundation for system 
implementation.  
Research Objectives 
The main research objective of the thesis is to define a reference data model that will 
enable continuity of product information chain of custody throughout the value chain. 
Determining the necessary data elements and their transformation within the concept of 
Product Lifecycle Management (PLM) enables the products‘ information to be linked in the 
chain to the next to expand traceability for any product throughout all stages of production, 
processing and distribution. Track and trace requires that all parts of the supply chain invest 
in compatible technology and agree upon capturing and sharing information about product 
movement.  For example, the time that a TRU has moved from the primary producer to the 
retail store, we will find it may have gone through a number of steps. These steps are named 
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as transformations, such as mixing, merging, pooling (clustering), splitting, joins, convert, 
etc. Therefore, this research proposes a model for registering and maintaining the TRU 
information chain of custody throughout the supply chain by using a products centric data 
modeling based on PLM, ISO/TC 10303 - IEC 62264 standards. In the second part of the 
thesis, I propose a design methodology for an internal/external traceability system 
implementation. The next part of the thesis will cover XML and its use in traceability as a 
common language for data exchange between food chain participants.  
The final part of the thesis proposes a tool for monitoring and recording traceability data 
at farm level by using GIS. In general, traceability at farm level usually is neglected due to 
the high cost of system implementation and maintenance. In the past the cause of several 
food borne illnesses were traced back to farm level. These outbreaks surely brought the 
importance of traceability at farm level under the radar. 
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CHAPTER 2:  GENERAL LITERATURE REVIEW 
Traceability  
Many definitions of traceability exist, which are defined and interpreted by using many 
standards, stemming from a variety of regulatory bodies, and experts. Standard ISO 8402 
defines traceability as the ―ability to trace the history, application or location of an entity, by 
means of recorded identifications‖. Moe (1998) defines traceability as ―an ability by which 
one may track a product batch and its history through the whole, or part, of a production 
chain from harvest through transport, storage, processing, distribution and sales, or internally 
in one of the steps in the chain, for example the production step‖. According to the European 
Community Food Law, article 11 and 16-20 (EU General Food Law, 2004) each food 
business owner is expected to provide relevant information in regards to the nature of the 
products and their production practices to their trading partners. In the US, food safety is 
already a major priority however, there is currently only one single legal requirement for 
producers–the US Bio-Terrorism and Response Act of 2002, which obligates any entity that 
chooses to sell or market food products to provide all requested records to the FDA including 
one up/one down product traceability. These records are due to the FDA within 24 hours 
from the time of receipt of the official request. The Public Health Security and Bioterrorism 
Preparedness and Response Act of 2002 require the registration of all food facilities, 
domestic and foreign, supplying food to the U.S.; it has a direct impact on the whole US 
Food Supply Chain, especially regarding the imported segment (Sporeleder and Moss 2002). 
Fully integrated traceability systems have ability to record, capture and handle data on site, 
and can provide sufficient documentation to meet traceability requirements (Opara, 2004). 
Information collected by a traceability system can also be utilized by food industry to 
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improve product quality, streamline recall procedures, enhance supply-side management, and 
capture desirable product attributes. Furthermore, all these elements of traceability mentioned 
can be used for marketing and creating a recognizable product brand (Gledhill et al.2002). A 
recent study by Dickinson and (Gledhill et al.2002) found that U.S. consumers would be 
willing to pay more for products that provide traceability, transparency and enhanced quality 
assurances. 
Traceability can be identified two ways according to the information recalled in the 
supply chain (Dupuy et al., 2005). Backward traceability or tracing is the ability to 
determine from where the product originated and its characteristics at any given point in the 
chain. Forward traceability, or tracking, is the ability to find the location of products and 
desired characteristics at any given time in the chain (Jansen-Vullers et al., 2003). Successful 
traceability system implementation allows only defected products to be identified and 
recalled, therefore confining potential hazard and reducing the recovery cost (Bechini et al., 
2008) 
Accuracy of the tracing information is also implied to be an essential requirement for the 
traceability system in order to realize the practical benefits of traceability. Also other factors 
such as customer values and the legal environment can affect the desired level of traceability. 
For example Hobbs (1996, p. 509) suggests that increased customer concerns about farm 
animal welfare may have increased the need for traceability as there is a need to trace cattle 
to the farm of origin. Similar consumer pressures have been caused by genetically engineered 
food. 
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It is important to have information system infrastructure that will support both type of 
traceability, also the accuracy of the data collected from chain participants.  In general, the 
information accuracy increases when the product moves towards its final destination. This 
problem was defined by Bechini et al. (2008) as the ―first mile‖ problem, which can decrease 
the effectiveness of the traceability system. Therefore, assuring the accuracy of the data 
captured in upstream of the supply chain carries a crucial role for effective system 
functioning. It is also important to automate the data capturing process to eliminate the data 
error due to the manual data registration (Bechini et al., 2008).  
The new merging technologies in regards to data collection, which enable upstream 
supply chain partners–specifically the producers–to collect traceability data during every 
stage of farming operations are getting more attention. These new advancements allow 
producers to automate and streamline the data during the farming operations. This will 
minimize data collection and registration inaccuracy allowing for the efficient use of multiple 
types of information to be captured throughout every stage of farming, transportation and 
receiving by creating a single point of access to this information (Pape, et al., 2004).  
TRU (Traceable Resource Unit) Concept  
According to GS1 Standards, ―Traceable Resource Unit‖ is defined as ―any item upon 
which there is a need to retrieve predefined information and that may be priced, or ordered, 
or invoiced at any point in any supply chain‖ (GS1, 2005). In practice it often refers to lot, 
batch, which is the smallest uniquely identified entity that is created during the internal 
production process. According to Kim et al.(1995), unique identification and the size of  the 
TRU is to key to the successful traceability system implementation.  Dupuy et al. (2005) 
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defines TRU as ―The resource representation that must be traceable, since a TRU is neither 
an abstracted nor aggregated entity.‖ TRU can be a batch, a trade unit, or a variation of these 
two main types.  
As mentioned earlier, traceable resource units are the smallest uniquely identified entities 
corresponding to physical objects of the value chain, and the success of the traceability 
system relies on tracing and tracking these core entities throughout the value chain. 
Determining what the Traceable Entities are is a major part of creating a dynamic traceability 
model for a particular value chain. For example if the production batches are too big or there 
is too much mixing occurs during production, the precision of the traceability system will be 
compromised (Dupuy et al., 2005).Therefore it is important to analyze the current production 
practice within the organization as well as how TRUs are defined. If it is needed, necessary 
adjustments have to be made to implement an effective traceability system. According to 
Moe et al. (1998), defining the TRU for continuous processing can be challenging. It may 
depend on how the raw material TRU was received and or on a change in processing 
conditions such as the clean out process for production equipment.  
One of the major challenges in regards to establishing whole chain traceability is the 
transformations that TRU goes through throughout its life cycle (Schwagele, 2005). 
Transformation can be described as an operation, which happens between different traceable 
resource units. Transformations occur when products move from upstream to downstream 
through the supply chain. TRU transformations can occur when products mix, join, split-up, 
are added, or converted into another TRU (Derrick and Dillon, 2004) within the company or 
between companies in a value chain (Olsen et al., 2008). 
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According to Steel (1995) physical lot-integrity, which can be defined as TRU integrity, 
is one of the most important elements for designing a traceability system. Since its 
determination is highly correlated with the precision of the traceability system, physical lot 
integrity provides the maximal resolution of a traceability system. There are three factors that 
affect the physical lot integrity during the production process: lot-mismatching, lot end-
mixing and lot-sequence mixing (Steele, 1995). Lot-mismatching refers to how a new created 
batch size does not match with the original batch.  Lot-end-mixing occurs if production is 
based on continual processing practices and the enterprise fails to create uniquely identified 
batches (Fransoo & Rutten, 1994). Lot sequence mixing occurs when organizations fail to 
maintain sequential processing of job lots at shop floor. 
In summary, physical lot-integrity is determined by the preserving the identity of the lot 
throughout its production process.  How well the integrity of the batch is preserved will 
determine the precision of the traceability system (Kim et al. 1995). Therefore, it is important 
to take necessary adjustments to ensure the integrity of the TRU and its information goes 
along with it. 
Traceability Data Modeling 
Modeling traceability data that effectively optimizes the use of data and creates 
information transparency throughout the supply chain is the most important element of a 
whole chain electronic traceability concept. There are two aspects of traceability information 
modeling that need to be developed for effective traceability information management. First, 
the model needs to be established for each enterprise, which can be defined as internal 
traceability.  Internal Traceability allows data about incoming materials and processes to be 
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linked to the final product separately in each stage of production, processing or distribution. 
Establishment of well structured and timely recording of the input/output properties (raw 
materials, semi-finished and finished products) enables dynamic control of the production 
process and subsequent processes in the value chain (Chaco´n et al., 2002). This provides 
most sufficient and accurate representation of the internal traceability data. Second, the 
traceability data model needs to be established for the entire supply chain, which is defined 
through modeling of retrieved data in regards to the elements and requirements of a 
traceability system. This level of data modeling will allow us to achieve a TRU based 
traceability level from the source of the product through to its final destination (Khabbazi et 
al., 2009). Moe et al (1998) defines the management of whole chain traceability information 
in two ways; 
1) Information is stored locally and only the product identification is shared with value chain 
partners. This only allows the product and its sub-types to be traceable one step at a time.  
 2) Information follows the product all the way through the chain. This approach is especially 
important if there is a demand for traceability information at the early stages of a product‘s 
lifecycle.  
According to Khabbazi et al. (2009), to be able to establish effective TRU level 
traceability is only possible by using an appropriate information system with an efficient 
approach of resource management. Most of the company‘s product traceability data is stored 
in different systems and in highly heterogeneous sources, such as electronic documents, ERP 
systems, legacy systems and databases. Thus, traceability data modeling should provide a 
comprehensive representation of the contents of these sources, thereby correlating the 
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scattered traceability data by providing a single point of access to product information 
throughout it is lifecycle. To achieve this, information about the data sources (e.g., type, 
structure, version history, storage location) combined with information about their contents 
should be mapped. After this step, the new data model should be integrated with existing 
tools and data stores to promote easy access to the original sources (Jarke et al., 2004).   
Product Centric Data Modeling  
Product centric data modeling has been addressed by several researchers as a solution to 
tackle with challenges in regards to whole chain traceability implementation within the food 
industry (Morel et al., 2004).  The product centric model entails to trace and track relevant 
information related to the product lifecycle.  
 
Figure 1. Product Centric Paradigsm (Baina et al., 2005) 
According to Bechini et al. (2008), traceability models must be general enough to be 
applicable to any kind of product and also allow for the unique identification of TRUs and it 
is activities within the enterprise and value chain. His proposed model was designed by using 
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static UML (Unified Modeling Language) notation. The model contains two UML packages, 
all classes were grouped within these two packages; Traceability and Quality. The first 
package contains entities that enable tracing and tracking the product through its lifecycle. 
The second package contains entities that represent the quality features of the product. 
Further, the SuperClass was identified in the traceability package as TraceableEntity and has 
two derived classes which were defined as Lot and Activity. The associations were 
established with two object classes respectively, Site and ResponsibleActor. The model 
imposes a constraint to enforce a TraceableEntity.Id to always be associated with a 
ResponsibleActor and a specific Site where the activity takes place. Therefore, it enables 
users to retrieve the information about each site where traceability activity takes place within 
its value chain. 
Secondary reference data modeling was proposed by Tursi et al. (2007) to solve the 
interoperability problem in manufacturing systems. He indicated that many problems in 
regards to product traceability information management stems from the heterogeneity of 
applications used to manage data within the enterprise. Different application usage for 
product data management leads to an interoperability problem especially when there is a 
need for information exchange. Usually interoperability problems occur due to the 
differences between the representations of the data structure within the different application 
protocols. Therefore, there is a need for information modeling that will be centered on the 
―product-driven point of view‖ (Tursi et al., 2007), which will enable each information 
system to perceive the product related to the data in same way.  
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The product-driven data modeling will allow the administration and exchange of 
semantically enhanced and precise product information. This can improve the quality of a 
traceability system and offer a high level of interoperability with other systems. His proposed 
model was based on development of product ontology which plays an important role in the 
formalization of product data. Ontology can be defined as a ―formal representation of a set of 
concepts within a domain and the relationships between those concepts. It is used to reason 
about the properties of that domain, and may be used to define the domain‖ (Ontology- 
information science, 2009). Product ontology modeling will permit to capture all the relevant 
traceability information by providing structured standard data modeling and mapping each 
products centric data from different applications such as PDM, MES and ERP, throughout its 
life cycle (Tursi et al., 2007) 
 
Figure 2. Enterprise applications Reference Information Model (RIM) and product-driven 
point of view (Tursi, et al., 2007)  
PDM Standardization Initiatives 
      Currently there are two major initiatives, ISO/TC 10303 and IEC 62264, which were 
established to solve the information system interoperability problem by introducing standards 
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for computer-interpretable representation of product data management, and its exchange.  
These two standards aim to provide a tool for describing product data throughout the 
lifecycle of a product, independent from any particular system. The purpose of ISO 10303- 
Standard for the Exchange of Product model data, commonly known as STEP is to provide a 
standard information model for describing product data throughout the life cycle regardless 
of the computer system used for storing product information (ISO TC184/SC4, 2009). STEP 
can mitigate the interoperability problem by providing a single product data storage standard 
that integrates the product‘s centric data within the enterprise.  
STEP enables PDM (Product Data Management) data to exchange by using unified PDM 
schemas. The PDM systems provide necessary tools to control data accessibility and manage 
all product-related data using common standard data formats. It does this by maintaining 
information (meta-data) about product information. Unified PDM Schema, which is a basic 
specification for the exchange of product centric definition data known as STEP-XML was 
designed to handle XML-based STEP product data schemas. It is used to manage process 
integration, supply chain management, collaborative engineering, process control analysis, 
manufacturing, and customer support in industry since 2001 (Cover, 2001). It has been 
created to associate all PDM data between all existing STEP application protocols, and 
permits the exchange of product information that is stored in PDM applications. 
The IEC 62264 standard was developed to define the data exchange interface between 
Manufacturing Control Systems and other Entreprise Management Systems. The different 
models were linked and represented together to define a hierarchy of models within the 
enterprise (Figure 3). The production information segment represents what was produced and 
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the materials used in production. It contains information about production scheduling and the 
description of the final product and the materials used to finalize the product. Product 
scheduling segment contains information about the timing of the activities that initiates the 
production. The production segment contains elements that identified resources which are 
needed to initiate the production activity such as equipment, personnel, raw material(s), etc. 
The product definition element defines the information about inputs that is used to make the 
product. Process specification defines the way how the resources should be used to make the 
product. And finally, production capability information provides the terminology for capacity 
scheduling and equipment maintenance information (Panetto et al., 2007). 
 
 
Figure 3. The IEC  Model Hierarchy (IEC 62264, 2002)  
The IEC 62264 based data model represents each segment of product data within the 
enterprise, combined together with real-time information coming from these different 
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compartments of the enterprise.  This approach helps to cover every aspect of product data 
throughout its lifecycle and supports the different parts in the product and process modeling 
by using the model hierarchy elements as a reference (Panetto et al., 2006). 
Another approach studied to develop product centric traceability information modeling in 
manufacturing is the paradigm of ―product+information‖ defined as Holonic worldview 
(Baïna et al., 2005). Seidel (1994) defined Product Holon as an ―autonomous and co-
operative building block of a system transforming, transporting, storing and/or validating 
information and physical objects.‖  
 
Figure 4. Correspondence between Holonic and IEC/ISO 62264 concepts (Baina, 2007) 
The Holon consists of an information processing part and often a physical processing part 
(Seidel 1994). Together with previously presented product centric data models, the Holon 
concept was defined in figure below by Gouyon (2004). The model was developed using the 
object-oriented notation of UML (Unified Modelling Language).  
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Figure 5. Defining Holon (Gouyon, 2004) 
In this approach, the Holon represents the connection between the product and its 
information. If the link between the product and its information is not established, the Holon 
concept cannot be realized, this results with non-functioning traceability system (Terzi et al., 
2005). The connection can be established by using technologies that can collect, store and 
provide a transparent view of the product centric data throughout its lifecycle, such as 
barcodes, RFID (radio frequency identification devices) and third party web-based 
traceability solution providers. According to Baina et al. (2005), to be able to integrate the 
Holon concept into IEC/ISO 62264, product information will be categorized into two views: 
- Genealogical view: this view includes the genealogy of the Holon, which means 
the product Holon and its stages throughout its life cycle. The object classes defining this 
view are product definition and product information as defined in the IEC 62264 model 
hierarchy concept.  
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- Process view: this view includes the lifecycle stages of the Holon, from the beginning to 
final stage within the enterprise. This view is covered under the ―Product production rules‖ 
concept of the IEC/ISO 62264 model hierarchy, particularly the ―Product segment‖ concept, 
which governs the information in regards to process steps that product, goes through during 
its lifecycle. 
Product Life Cycle Management (PLM) 
To be able to create a product centric data model that will carry the product information 
with the physical product throughout its lifecycle we should be able to define the product 
lifecycle concept within the frame of product traceability. According to Terzi et al. (2007), 
the ―lifecycle‖ term includes several phases that product may follows (Terzi et al., 2007). 
These are; 
1. Product development, which includes designing the product and together with its 
production environment 
2. Product production ; is an complex stage, which includes several sub stages such material 
requirement planning, production process, quality and safety testing, etc. 
3. Product distribution, deals with storage and delivery of the finished product 
4. Product use includes all the activities that takes place during the usage of the product, 
which includes support and maintenance 
5. Product dismissing and recycling represents the stage which product is no longer in use, 
which includes the destroying the product and recycling of the product. 
In this paper to enable traceability of the product through its lifecycle, product centric 
data model will mainly focus on the product production, product distribution and product use 
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phases of the PLM concept. The proposed model will facilitate the collection of product data 
through its lifecycle by enabling data retrieval from different and heterogeneous enterprise 
systems. 
Traceability Information Integration and Exchange  
XML as a Global Traceability Language  
In recent years, XML (Extensible Markup Language) is becoming an increasingly 
important tool in the exchange of a wide variety of data on the Web and within commerce 
channels. XML provides a common format for data representation and exchange in Internet-
enabled B2B e-commerce. Therefore XML needs no special handling when used with the 
most widely employed protocols of the Internet. Because of the technical advantages, XML 
tools are readily available in most platforms and for most programming languages.  
The next section will focus on XML‘s ability to facilitate the sharing of structured data 
across different information systems. In recent years, many industry groups are using XML 
to suit their needs, creating industry-specific extensions, namely XML vocabularies and 
formats to create common platform for data exchange (Gould et al., 2008). 
XML Schema 
XML Schema is becoming more and more popular in terms of it is extensive capability 
for representing the structure and typing constraints for data embedded in XML documents. 
According to Kiritsis et al. (2007), XML Schema allows a higher level of expressiveness than 
the earlier DTD (Document Type Definition) descriptions. A schema is an XML 
specification that specifies the data structure and its types of the allowable elements of an 
XML document and the relationships between those elements (W3C, 2009). XML schema 
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identifies not only the elements and their data types, but also the order they must appear and 
their attributes. XML schemas allow the information to be broken up and represented as 
smaller components. Therefore, their usage makes sense in supply chain traceability because 
all participants in the chain can maintain common glossaries and concepts that can be written 
once and reused across the whole domain. 
As mentioned earlier, XML schemas are being developed to exchange business related 
data between the value chain partners. For example EDI (Electronic Data Interchange) and 
SOAP (Simple Object Access Protocol) were developed as an information exchange standard 
(W3C, 2005).  
TraceCore XML Standards 
TraceCore XML is developed as part of TraceFood framework. TraceFood is a European 
Commission funded project which was developed under the fifth and sixth framework 
programs. TraceCore XML (eXtensible Markup Language) has become a standardized 
language for the food industry supply chain participants to exchange traceability information 
electronically using predefined names and references. This includes but is not limited to 
parameters, standard measurements and values, such as data on identifying numbers, origin, 
methods and dates of processing, transport and reception, joining and splitting of units, and 
more. (TraceCore XML Standards Guidelines, 2007)  
Basic Principles of TraceCore XML is can be identified as follows; 
 To uniquely identify the trade units (TRU, Traceable Resource Units) by creating 
standardized schemas, that uses standard numbering schemes (GTIN, SSCC, etc.) 
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 To link all the traceability information keyed to a unique identifier that defines single 
TRU and its components. 
 To identify each steps that TRU goes through, that includes transformations from the 
origin to final destination of the product. 
TraceCore XML ensures that relevant information can be gathered and shared in a 
standard way through a supply chain for food products. In the near future information about 
the food we buy will not only be available on the packages, but also on terminals in the shops 
and via the Internet. 
Use of GIS Technology for Geo-Traceability 
In  recent years technological advancement in the area of geomatics, which can be 
defined as a discipline of gathering, storing, processing, and delivering geographic 
information, or spatially referenced information has enabled the acquisition,  processing and 
presentation of the agricultural related geospatial data (GeoTraceAgri (GTA) Final Report, 
2005). Specifically, the use of geographic information system (GIS), for spatial information 
management, allow users to manage, analyze and present spatial information in terms of 
integrating geographical locations with other spatial entities and other related attributes 
(ESRI, 2010).  
In the context of geographical traceability coupled with GIS, enables assigning  unique 
identification and a geo-identifier to a spatial object (production parcel). This allows to relate 
and retrieve  geo-identifiers with  site specific information such as  traceability related data 
(Setten et al., 2006). 
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GIS Based Traceability Studies 
In recent years, there were projects designed and implemented by the European Union for 
establishing geo-traceability at the farm level.  For example,  GTIS-CAP (Geo-Traceability 
Integrated System for Common Agricultural Policy) The purpose of GTIS CAP is to create 
and implement an integrated information system at farm level that will provide  CAP 
regulatory bodies and primary producers an effective tool for managing and monitoring CAP 
practices. It can also be used together with other integrated agricultural management systems. 
The most important aspect of GTIN-CAP project is the aim to define the reference model for 
geographical traceability based on the Integrated Administrative and Control Systems (IACS) 
used for managing subsidies allocated to producers as part of the CAP (Setten et al., 2006). 
The GTIS-CAP project provided a valuable contribution and foundation for the 
implementation of the GeoTraceAgri project. 
The GeoTraceAgri project has enabled the concept of geo traceability to be applied and 
used by several European countries. Beginning January 1, 2005 the EU commission adopted 
a new Common Agricultural Policy (CAP).  This policy imposes a regulation upon EU 
Member States to use a single system for registering all agricultural parcels into a GIS based 
database for geographical references (GeoTraceAgri, Final Report, 2005). The GeoTraceAgri 
project provided the ground work for the development of indicators and tools for gathering 
and storing  agronomic and geographical data. The following are just a few of the benefits 
stemming from this geographical traceability project: 
 To increase consumers confidence in food supply chain protection 
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 To provide an effective tool for farmers to document their sustainability claims 
and increase their market share and profitability  
 To Ensure improved risk management  at farm level (Oger, 2005) 
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CHAPTER 2:  FOOD TRACEABILITY SYSTEM  
MODELING AND DATA EXCHANGE 
Introduction 
The Traceability Resource Unit (TRU) based production flow control enables the concept 
of traceability by uniquely identifying the location and the stage of the production process, 
keeping the record of each stage of the product from farm to its final destination. Therefore, 
this thesis will outline the tools and methodologies for assessing the TRU identification and 
transformation. The product centric data model proposes a reference model for collecting and 
communicating traceability related product data internally and externally (internal/external 
traceability). Together with relevant technological advancements such as XML (Extensible 
Markup Language and GIS (Geographic Information System), enable information exchange 
and traceability system establishment at the farm level is the major focus of this paper. The 
objective of this paper is to analyze the concept of whole chain electronic traceability from 
three perspectives 
1. Determining the necessary steps for establishing electronic traceability within the 
enterprise and for the whole chain 
2. Determining the appropriate information model for designing electronic chain 
traceability; a proposed generic information model will be based on defining TRU 
and its data elements, which will be evaluated within the product centric data 
modeling concept 
3. Current technological advancement such as XML technologies that enables the use of 
common data exchange platform for whole chain electronic traceability 
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Traceability System Analysis 
From an information management perspective, adaptation of the whole chain electronic 
traceability system within a supply chain requires all parties involved to consistently engage 
in the physical flow of materials, which includes the intermediate and finished products and 
the relative information about them. For every participant has a responsibility to gather, keep 
and share information in order to enable one up/one down traceability (GS1, 2007). Effective 
traceability system adaptation requires a holistic supply chain approach, which at best, can be 
achieved by creating an information chain and easy access to this information by using 
appropriate technologies.  Today there are sophisticated traceability software systems that 
can enable producers to track a product from the field to the food store, and every step along 
the way to the end user.  
Adaptation to a whole chain traceability concept is a complex issue, which depends on 
several factors. An IDEF0 model was created to indentify the dynamics of whole chain 
traceability transformation. The IDEF0 Functional Modeling is a modeling methodology 
used to model the decisions, actions, and activities of an organization or system (Grover et 
al., 2000). In this example IDEF0 is used to show the variables‘ role in whole chain 
traceability transition. 
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Standard Information 
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Figure 6. IDEF0 Model is used to demonstrate Whole Supply Chain Traceability 
Transformation 
The input function indicates the existing sources that will be used to transform food 
industry towards whole chain traceability. As indicated in the model, companies are already 
using the principles outlined in the current food safety and traceability standards. For 
example the Bio-Terrorism Act requires for each supply chain participant to keep record of 
incoming and outgoing shipments of product. Due to the increased demand for production 
process information–originating mostly from recent food borne outbreaks– food producers 
and processors need to document and validate they are utilizing safe production practices of 
the highest quality.   
The mechanism defines the variables that are necessary for a successful system 
transformation such as appropriate technology, qualified personnel, etc. Without those 
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variables the whole chain electronic traceability concept cannot be realized. For example 
without an effective traceability software that can create instant access to traceability 
information, participants must rely on their own information system to record traceability 
data about each TRU as well as establish links between them. This information is generally 
kept in different systems, and in the event of a recall this information needs to be retrieved 
from a variety of systems. This is a time consuming method and has a high susceptibility for 
data errors.  Many recent outbreaks prove that the FDA‘s ability to fulfill its responsibilities 
highly depends upon whether it can trace a food product‘s movement throughout each stage 
of the food supply chain instantly. Therefore mechanism variables defined in the IDEF0 
diagram demonstrates the crucial elements for a successful system transformation. 
The control identifies variables, such as standards, regulations, cost or other factors that 
constrain the activity of a WCET (Whole Chain Electronic Traceability) system 
transformation throughout the food industry. Finally, output defines the outcome of the 
successful WCET transformation. 
Overall, the objective of establishing whole chain electronic traceability is to provide a 
platform for ensuring and improving the interoperability between different enterprise systems 
by:  
 Storing all technical product data in-line with product traceability throughout the 
product‘s lifecycle (from farm–to–plate) 
 Accessing product information for all users independently from the heterogeneous 
sources and manufacturing operations (e.g. customers, manufacturers, suppliers, retailers, 
etc) 
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 Creating an effective lot tracing/tracking system, which identifies the source materials or 
processes associated with defective lots as well as identifying other lots that may be 
similarly contaminated by the same processes or materials 
 Associating each trade unit with quality/safety assurance systems‘ control data (e.g. third 
party audit results, certifications, laboratory test analysis) 
 Providing data structure necessary for forward traceability, and also guarantee recording 
of the product‘s history for backward traceability 
Defining the Traceability System  
Track and Trace Concept  
For tracing and tracking the material flow process in a manufacturing environment, 
following data needs to be captured and linked.  
 Recording the source of incoming material (supplier information) 
 Inventory of raw material (storage location records) 
   Work-In-Process (WIP) tracking (which machinery is used for processing, and its 
function) 
 Finished goods (Storage information, quality control records) 
 Shipment confirmation (who received the products)  
The first step to successful traceability system implementation is to make a system 
analysis on the production chain (Figure 8), from the origin of the raw material, through the 
processing of the product and all the way to the consumers. The Traceability system design 
will identify three important components:  
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1. Analyses of current system and production process flow characteristics, such as: data 
capture of both product and process (lot/batch identification, transformations) 
2. System integration: integration with administrative systems, floor systems, and quality 
assurance systems 
3. Analyses of the current information system: what data is already electronically available?  
And, is the equipment for automatic identification and data capturing in place? 
 
Figure 7. Decision Support Tool for Electronic Traceability System Implementation 
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Process characteristics 
Process characteristics should include machinery and equipment, shop-floor environment, 
and production process methodologies (figure 8). 
 Current documentation that is electronically available such as BOL (Bill Of Lading), 
BOM (Bill Of Material) invoice, Purchase Order and other forms 
 Current Information systems in place, which identifies performance and system 
information to be recorded  
Mapping Organizational Data Structure: where is the data? 
In general, product data and information are dispersed along a variety of information 
systems. Product data is generated and used in diverse phases of the product‘s lifecycle, and 
by many different actors within the supply chain and/or within the same enterprise. Therefore 
at the planning phase it is important to identify applications used for data management within 
each enterprise. In most cases, during the manufacturing process traceability information is 
collected, stored in different ways in different systems. The problem arises when the 
information needs to be exchanged, or information chain of custody needs to be established 
that will allow the tracing and tracking of the product through its life cycle phases.  
Defining Material and Information Flow: identification and linkage  
Before implementing any traceability system it is important to identify the characteristics 
of the each business unit within the enterprise and its supply chain. Using an illustration of 
the production process flow and the information captured during the process would be a 
useful reference tool for the next steps. Data captured during each step of production/process 
flow, which includes the incoming/production/packing/storage and outgoing shipment, needs 
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to be located and include product source information. Identification of  the links between 
each process step is achieved by using information captured electronically; Identifying 
primary keys (Unique Ids) for each traceable resource unit (Trade Unit, Batches) that will 
enable the tracking and tracing along the value chain needs to be established.  The following 
points should be analyze and documented before any new traceability technology adaptation 
is undertaken. 
  Mapping the material/flow throughout its lifecycle (production, process, packaging, 
distribution) 
 Defining traceable units and rules for assigning unique IDs to all traceable entities 
 Analyzing current method of batch transformation management 
 Identifying the link between traceable units within each stage of the production process  
 Identifying the link between the raw materials traceable unit and its supplier (one step 
back) and between the product‘s traceable unit and its buyer (one step forward) 
 Information handling, the creation and storage of unique IDs and other relevant attributes, 
such as quality and safety information about the traceable entities (batch, trade units, etc.) 
 Determining the methodology for assigning unique IDs to each traceable entity (i.e. label, 
barcodes, RFID tag etc.) 
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Defining and Identifying Traceable Resource Unit (TRU)  
TRUs are the uniquely identifiable physical items that are produced and exchanged by 
the chain members. There are two types of TRU; production batch and trade unit. TraceFood 
Framework (TraceFood Wiki, 2008) defines a production batch as ―the traceable unit that 
raw materials and ingredients go into before they are transformed into products placed in new 
Trade Units and Logistic Units.‖ TraceFood defines a trade unit as ―an item ready for 
transport and/or storage that needs to be managed through the supply chain, such as incoming 
shipment/received product or finished product/outgoing shipment, etc.‖ In practice, a trade 
unit consists of one or more separate TRUs such as boxed items placed on the pallets. 
Product Origin
Product 
Provenance 
History
Production 
Process 
Product 
Characteristics
TRU
 
Figure 8. TRU related traceability information 
TRU: Traceable Resource Unit: Two types of TRU; Batch and Trade Unit 
Product Origin: It is the location where a product originated 
Product Provenance History: Process or steps that a product has passed through, from its 
point of origin 
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Product Characteristics: Product properties, process specifications, quality requirements 
Production Process: Characteristics of production process, TRU transformation, alteration, 
mixing or segregation through all stages of production process; includes raw materials, semi-
finished and finished TRU 
Unique identification of TRUs on a global scale is an important aspect of a successful 
traceability system implementation. For example, use of the GS1 standards provides more 
effective supply chain management by providing standardized tools that enables each actor 
within the chain to communicate in one global language (GS1, 2007). The GS1 numbering 
system can be used as the primary identification system for Trade Units by creating unique 
identifications and using these Ids according to GS1 guidelines.  
Realization of the effective traceability (as well as the accountability, security and data 
integrity) requires a common language of information, chain-wide, and even world-wide. 
Therefore, global standards such as GS1 provide unique, global, generic, and voluntary 
standards for each participant in the supply chain to alleviate the identification pressures of 
companies and their products, while enabling information exchange between trading partners 
(GS1, 2008).  
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Figure 9. GS1 Numbering Schema Implementation 
Figure 9 depicts the implementation steps for GS1 standards for a typical food 
manufacturing process. 
 GLN (Global Location Number:  identifies all supply chain partners through unique 
coding  
 GTIN (Global Trade Identification Number): allows for the identification of all unique 
products during the physical product flow throughout the supply chain 
 Identification of logistic units using the Serial Shipping Container Code (SSCC) 
Therefore, the use of GS1‘s Globally Unique Product Identifier (GUPI) can be a good 
option to consider as a unique ID schema for product lifecycle data when globally identifying 
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product information (Yang et al., 2009). Throughout this process collaboration is very 
important, which includes dialogue between all supply chain participants. Encouraging 
communication between players and users by enabling standardized electronic interchange of 
information will lead to a fully integrated information system and harmonization of practices 
throughout the supply chain. 
Traceability Information Interoperability and Exchange  
One of the major obstacle facing companies today is the integration of product centric 
information models across multiple systems to create a single transparent view of the data. 
This will provide a unified and consistent view of traceability data for the entire enterprise 
including its value chain partners by enabling solidarity between the physical product flow 
and its information flow (Baïna et al., 2008). Baina et al. (2008), describes two levels of data 
interoperability for information exchange; 
1. Horizontal Data Integration and Exchange aims to synchronize traceability data that were 
used in different enterprises, even those managed by different application protocols  
2. Vertical Data Integration and Exchange aims to create interoperability between different 
information systems within a single enterprise. This category of interoperability is to 
maintain common data integration modeling between the systems 
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Figure 10. Different types of Traceability Data Integration and Exchange Requirements 
 (PDM) Product Data Management systems (sales order management, purchasing, 
logistics, etc.) 
 (BDMA) Business data management applications (Enterprise Resource Planning (ERP), 
Legacy systems, etc.) 
 (MES) Manufacturing Execution Systems (Control system for managing and monitoring 
work-in-process on a factory floor, etc.) 
To be able to manage both vertical and horizontal traceability data, there are a few 
necessary points to consider: the integration and exchange within the enterprise, its value 
chain and between different information systems are located in a heterogeneous environment, 
and the use of an appropriate technology and common information exchange language are 
necessary. It is also important to have the component for effective management of 
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traceability data within or between enterprises. In order to solve the interoperability problem, 
each information system based on different application protocols should be able to 
communicate effectively, which means they must be able to interpret the same data in the 
same way. To represent product life cycle information such that semantics originating from 
various life-cycle disciplines can be represented in one information system will be the right 
approach for solving the traceability information interoperability problem (Rosén, 2006). 
Product Centric Information Modeling  
The purpose of the proposed solution is to define the product centric information model 
needed to ensure traceability of the TRU throughout its lifecycle. TRU entity represents the 
group of information that can summarize all the life of the product; it can follow the product 
during its lifecycle phases, for example, during its production, or use. The TRU_Entity class 
contains general information of the product, such as the identification, class and batch 
information, a description of the product, its characteristics and the results of possible tests 
performed. The model principles were derived from the main IT enterprise standards (in 
particular, ISA/ANSI 95, ISO 10303-STEP, ISO 10303-239- PLCS, PLM XML) (Terzi et al., 
2005). From a Traceability point of view, the development of a ―product centric‖ information 
model will help an enterprise to overcome both vertical and horizontal interoperability 
problems between different information systems. It will also help to establish a relationship 
between process, resources and the product itself by cohering information from different 
Holon to a ―product‖ lifecycle direction. The TRU information modeling describes how to 
structure traceability information and is the initial abstraction that hides the complexity of the 
system (Kanellopoulos et al., 2005).  
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Figure 11. UML Product Centric Data Modeling 
TRU Information Model for an enterprise can be described as a meta-model, which 
mainly focuses on defining the information involved for ensuring product traceability, as 
defined by TRU_Entity . TRU_Entity class is composed of many sub-classes that are needed 
to achieve information about the product during its lifecycle. Sub-classes of the TRU_Entity 
are the following: 
 TRU_ Type  describes the ―type‖ of the TRU at its current stage such as TRU_Batch and 
TRU_TradeUnit  
 TRU_Properties class describes the attributes of the product such as description of the 
product, weight, dimensions, grades, etc. 
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 TRU_Quality_Specifications class represents any quality and safety tests that have been 
conducted on the product 
 Location class identifies TRU by using location and time parameters 
 TRU_ Stage is used to identify the phases TRU goes through during its lifecycle. In this 
case it identifies the internal process of manufacturing. (This class includes 
Received_TRU, Process_TRU, Finished_TRU and Shipped_TRU sub classes) 
 TRU_ResponsibleActor always represents the party that is responsible of managing and 
sharing traceability data 
 TRU_Transformation class defines the stages and the relationship between each TRU. It 
is the most important class in terms of establishing links between each step through 
products lifecycle. The model covers four different transformations sub classes; join, 
split, mix, convert  
The proposed model was generic enough to be used for different products. If there is a 
need for a more specific data model, then the model can be modified to fit a different context. 
For this to occur an extra XML file needs to be constructed that will describe the additional 
data elements and their structure, so the valid XML data exchange files can be created. It 
covers different stages of the lifecycle phases in a way that allows for both vertical and 
horizontal product data interoperability by only mapping the traceability related product data. 
The transformation class is specifically included to handle and keep track of previous and 
further steps of the TRU information. Therefore, it establishes an information chain of 
custody throughout its lifecycle. 
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Implementation of the Proposed Model  
The proposed UML case diagram can be used as a reference data model for implementing 
a product centric traceability information system for vertical and horizontal data integration 
and exchange systems within and between enterprises.  To serve this purpose, the model was 
translated into XML schema to describe the data structure and format for creating 
interoperability of traceability information between different information systems.  
The XML schema, which is a formalization of the constraints expressed as rules or a 
model of the structure applied to an XML document has been designed to convert the product 
centric UML data model into XML schema document. Based on this, the specific dynamic 
data structure can then be defined, and XML files, which will carry the data, can be validated 
against the schema. For XML to describe and carry the information with the object (product), 
the TRU_Entity (Product needs to be traced) needed to be given a unique identification. 
Unique identification of TRU_Entity enables responsible actor to retrieve traceability-related 
information from different remote databases (Karkkainen 2003).  
Prior to implementation, several points need to be determined: 
 Is the proposed traceability information system to be only used for vertical integration 
and data exchange, or it will also enable horizontal data integration?  
 Does the traceability data need to be delivered frequently (e.g., real time or near real 
time) or infrequently (e.g., daily, weekly production)? 
 Does new traceability information system require any data collection tools or is it capable 
of utilizing the data which has already kept it in different application protocols within the 
enterprise?  
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 Does new system implementation require point-of-entry data cleansing and/or data 
reformatting to ensure quality and avoid data redundancy?  
 Does the system require access to a variety of data sources and transformations to ensure 
completeness? 
 Does the new system require movement of large data volumes or small datasets between 
applications? 
Developing XML Document from Product Centric UML Data Model 
The following XML schema was created using AltovaSpy XML Schema Editor. Model 
elements contain classes that have been described in the UML model above. The TRU is the 
root element of the schema and the rest of the ―child elements‖ are nested under TRU-root 
element. The XML schema allows users to create models, which are similar to Object 
Oriented modeling principles. The schema shown below can be used to exchange 
information between different application protocols within and between any enterprises. It 
allows defining the structure and the content of the traceability data needed to be carried 
along with the physical product, while also allowing the retrieved traceability-related product 
centric data into traceability databases. This will help to view and access traceability-related 
information from one single location.  
Our TRU_Entity class was the metaclass for the UML model, here it is represented as a 
TRU root element. Every time a new TRU was created, the TRU entity needed to be 
associated with Unique identifier (Id) and the datetime stamp.  
XML Schema Components; 
Root Element: TRU (Traceable Resource Unit) 
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TRU Attributes: Id, Date; Every time new TRU is created, transferred, or transformed 
Unique Id and the datetime stamp needed to attach to the message that is needed to be 
exchanged between responsible parties. 
TRU Child Elements: TRU_Definition, , TRU_Types, TRU_Transformations 
TRU_Definition: defines the nature of the TRU 
TRU_Types; Define the type of TRU that are TRU_Batch and TRU_TradeUnit, TRU_Type 
also contains following child elements: 
 
 Figure 12. Declaring TRU_Types in XML Schema 
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Figure 13. Declaring TRU_Batch in XML Schema 
TRU_Batch was identified by four attributes, which are Id, Date, Quantity and Unit. 
Description was added as a child element to define the batch activity. These four attributes 
will allow us to carry the information with the physical product whenever the new production 
batch is created. Therefore, the uses of these four attributes are required.  
TRU_TradeUnitType has three child elements, which means TradeUnit can be in three 
different forms; these are TRU_ReceivedFrom, TRU_Finished and TRU_SentTo. 
 
Figure 14. Type of Trade Units Declaration in XML Schema 
Identification schemas for the TradeUnitTypes were also declared under each 
TradeUnitType in the schema, which contains three child elements, TRU_TradeUnitIDType, 
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CompanyName and Datetime elements. The most significant part of this declaration is that it 
allows a trade unit to carry GS1 global identifiers such as GLN, GTIN and SSCC. 
 
Figure 15. Assigning Global Unique Identification Schemas to Trade Units 
TradeUnitIDType global declaration is applicable to other two trade unit types as well.  
Altova XMLSpy Schema Editor allows us to predefine a type to be used in other common 
elements such as TRU_Finished and TRU_SentTo trade unit types. Another child element of 
TRU was described as TRU_Transformation. This is the same class which was also 
described in the UML model as a TRU_Transformation. 
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Figure 16. Defining the TRU Transformations 
The TRU_Transformation has its own child element of four types, Join, Mixed, Split and 
Convert. Transformation is an important class in both UML model and the XML Schema for 
accomplishing whole chain traceability. In the life of a TRU, it goes through several 
transformations.  When the TRU is created, it can join the other TRU, or mixed with 
different TRUs. This class enables for the registration of the sub lots/batches, or trade units, 
which enables to track and trace each TRU from upstream to downstream or vise a versa. 
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When the product moves and the new TRU is created, movement direction can be 
indicated in the XML file by using appropriate child elements of TRU_Transformation 
_Types. Next step includes a scenario to demonstrate the use of XML as a data exchange tool 
between trading partners, which involves three growers and a flour company.  
Scenario 
This XML document instance was created to demonstrate how the use of XML enables 
product traceability information to be exchanged between trade partners while creating links 
between batches and trade units, so information chain of custody can be maintained 
throughout the product lifecycle. 
First, corn was chosen as a raw material for simplified flour production process to 
demonstrate internal and external traceability data capturing and linking between chain 
partners. First party was identified as a Corn Supplier involving three different growers. 
XML file is created to demonstrate the corn harvesting-transportation to packing station at 
the farm- mixing the grain which is provided from 3 different Lot at Grower B‘s farm. 
Second, flour company XML file created from the assumption that the raw material was 
received from three different growers. The file contains operational data that includes single 
WIP (Work In Progress) line which is run through the day and produce flour for three 
different customers. Steps include Receiving-Production-Shipment. 
Corn Supplier  
XML file was created to demonstrate the harvest-storage-packing activities on specific 
date, 11-19-2010. Grower B harvests the corn from three different Lots at the farm on 2010-
11-19 
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Field Lot 1:FL123 
Field Lot 2:FL124 
Field Lot 3:FL125 
Aggregated Order is assigned with new internal ―Lot Number: 12345‖, which indicates 
the cart used for carrying the harvested corn to the packing line location. After this step, corn 
is packed into sacks for final delivery. During this final process, new batch number was 
assigned as a ―Production Batch Number: GrwB04202010‖to uniquely identify this step. 
Before Order leaves the premises, system assigns an external Unique ID, GLN of the farm 
location to the finished ―Trade Unit Number:1100003734465‖. This number was included 
into Bill of Lading along with the DateTime and internal Lot number for traceability purpose. 
The GTIN also can be used to identify trade units encoded into GS1 128 barcode together 
with internal Lot number, packing date and commodity description. Barcode can be placed 
on to each unit for unique identification of TRUs.  
 
Figure 17. Corn Supplier Data Model Diagram 
<?xml version="1.0" encoding="UTF-8"?> 
<!-- edited with XMLSpy v2005 rel. 3 U (http://www.altova.com) by Gunsu Altindag --> 
50 
 
<TRU xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance" 
xsi:noNamespaceSchemaLocation="C:\Users\owner\Desktop\Gunsu_TRU_Schema.xsd"> 
 <TRU_Definition>Grower B Shipment File for 60 lb Grain to Company 
X</TRU_Definition> 
 <TRU_Types> 
  <TRU_Type> 
   <TRU_Batch id="FL123" Date="2010-11-19T00:00:00.00000" 
Quantity="10" Unit=""> 
    <Description>Number 2 Yellow Dent Corn</Description> 
   </TRU_Batch> 
   <TRU_Batch id="FL124" Date="2010-11-19T00:00:00.00000" 
Quantity="20" Unit="lb"> 
    <Description>Number 2 Yellow Dent Corn</Description> 
   </TRU_Batch> 
   <TRU_Batch id="FL125" Date="2010-11-19T00:00:00.00000" 
Quantity="30" Unit="lb"> 
    <Description>Number 2 Yellow Dent Corn</Description> 
   </TRU_Batch> 
   <TRU_Batch id="FL12345" Date="2010-11-19T00:00:00.00000" 
Quantity="60" Unit="lb"> 
    <Description>Number 2 Yellow Dent Corn</Description> 
   </TRU_Batch> 
   <TRU_TradeUnit> 
    <TRU_Finished id="GrwB04202010" Date="2010-11-
19T00:00:00.00000" Description="60lb 3 sack of Number 2 Yellow Dent Corn" 
Location="Grower B packing line 1" Quantity="60" Unit="lb"/> 
    <SentTo id="1100003734465" Date="2010-11-
19T00:00:00.00000" OrgName="Company X" Quantity="60" Unit="lb" 
CustomerAccountNo="ComX20100008" LotNumber="GrwB04202010"> 
     <Description>60lb 3 sack of Number 2 Yellow Dent 
Corn</Description> 
     <Address> 
      <StreetAddress>220 Old Quarry Rd. 
N.</StreetAddress> 
      <City>Larkspur</City> 
      <State>CA</State> 
      <Country>USA</Country> 
      <ZipCode>94939</ZipCode> 
     </Address> 
    </SentTo> 
   </TRU_TradeUnit> 
  </TRU_Type> 
 </TRU_Types> 
 <TRU_Transformation> 
  <Join from="FL123" Date="2010-11-19T00:00:00.00000"> 
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   <Into id="FL12345"/> 
  </Join> 
  <Join from="FL124" Date="2010-11-19T00:00:00.00000"> 
   <Into id="FL12345"/> 
  </Join> 
  <Join from="FL125" Date="2010-11-19T00:00:00.00000"> 
   <Into id="FL12345"/> 
  </Join> 
  <Convert from="FL12345" Date="2010-11-19T00:00:00.00000"> 
   <Into id="GrwB04202010"/> 
  </Convert> 
  <Convert from="GrwB04202010" Date="2010-11-19T00:00:00.00000"> 
   <Into id="1100003734465"/> 
  </Convert> 
 </TRU_Transformation> 
</TRU> 
Figure 18. Grain Supplier XML File 
Flour Company 
XML files was created to demonstrate the Company X‘s  1 day of process activity, which 
includes received raw material-processing flour in a WIP (Work In Process) line and 
shipment of produced trade units to the customers. 
 
Figure 19. Flour Company Data Diagram 
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<?xml version="1.0" encoding="UTF-8"?> 
<!-- edited with XMLSpy v2005 rel. 3 U (http://www.altova.com) by Gunsu Altindag --> 
<TRU xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance" 
xsi:noNamespaceSchemaLocation="C:\Users\owner\Desktop\Gunsu_TRU_Schema.xsd"> 
 <TRU_Definition>Flour Company X's Daily Operational Data Traceability 
File</TRU_Definition> 
 <TRU_Types> 
  <TRU_Type> 
   <TRU_TradeUnit> 
    <TRU_ReceivedFrom id="1100003734465" Date="2010-11-
19T00:00:00.00000" OrgName="Grower B" Quantity="60" LotNumber="GrwB04202010" 
Unit="lb"> 
     <Description>bag of corn</Description> 
    </TRU_ReceivedFrom> 
    <TRU_ReceivedFrom id="1100003857466" Date="2010-11-
19T00:00:00.00000" OrgName="Grower A" Quantity="40" LotNumber="GrwA04202010" 
Unit="lb"> 
     <Description>bag of corn</Description> 
    </TRU_ReceivedFrom> 
    <TRU_ReceivedFrom id="1100003955467" Date="2010-11-
19T00:00:00.00000" OrgName="Grower C" Quantity="100" LotNumber="GrwC04202010" 
Unit="lb"> 
     <Description>pack of corn</Description> 
    </TRU_ReceivedFrom> 
    <SentTo id="123456778900" Date="2010-11-
19T00:00:00.00000" OrgName="Company A" Quantity="30" Unit="lb" 
CustomerAccountNo="ComA20100009" LotNumber="Ln12345"> 
     <Description>sack of corn</Description> 
     <Address> 
      <StreetAddress>12 Melody 
Dr.</StreetAddress> 
      <City>Mill Valley</City> 
      <State>CA</State> 
      <Country>USA</Country> 
      <ZipCode>94941</ZipCode> 
     </Address> 
    </SentTo> 
    <SentTo id="123456778901" Date="2010-11-
19T00:00:00.00000" OrgName="Company B" Quantity="60" Unit="lb" 
CustomerAccountNo="ComB20100007" LotNumber="Ln12345"> 
     <Description>sack of corn</Description> 
     <Address> 
      <StreetAddress>345 Lincoln 
Way</StreetAddress> 
      <City>San Francisco</City> 
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      <State>CA</State> 
      <Country>USA</Country> 
      <ZipCode>94108</ZipCode> 
     </Address> 
    </SentTo> 
    <SentTo id="123456778903" Date="2010-11-
19T00:00:00.00000" OrgName="Company C" Quantity="110" Unit="lb" 
CustomerAccountNo="ComC20100006" LotNumber="Ln12345"> 
     <Description>sack of corn</Description> 
     <Address> 
      <StreetAddress>234 Addison 
Rd.</StreetAddress> 
      <City>Salinas</City> 
      <State>CA</State> 
      <Country>USA</Country> 
      <ZipCode>93912</ZipCode> 
     </Address> 
    </SentTo> 
   </TRU_TradeUnit> 
   <TRU_Batch id="Ln12345" Date="2010-11-19T00:00:00.00000" 
Quantity="200" Unit="lb"> 
    <Description>Corn Flour Production</Description> 
   </TRU_Batch> 
  </TRU_Type> 
 </TRU_Types> 
 <TRU_Transformation> 
  <Join from="1100003734465" Date="2010-11-19T00:00:00.00000"> 
   <Into id="Ln12345"/> 
  </Join> 
  <Join from="1100003857466" Date="2010-11-19T00:00:00.00000"> 
   <Into id="Ln12345"/> 
  </Join> 
  <Join from="1100003955467" Date="2010-11-19T00:00:00.00000"> 
   <Into id="Ln12345"/> 
  </Join> 
  <Split from="Ln12345" Date="2010-11-19T00:00:00.00000"> 
   <To id="123456778900"/> 
  </Split> 
  <Split from="Ln12345" Date="2010-11-19T00:00:00.00000"> 
   <To id="123456778901"/> 
  </Split> 
  <Split from="Ln12345" Date="2010-11-19T00:00:00.00000"> 
   <To id="123456778903"/> 
  </Split> 
 </TRU_Transformation> 
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</TRU> 
Figure 20. Flour Company XML File 
As indicated earlier the purpose of this model is to demonstrate the use of XML to enable 
traceability information exchange between supply chain parties. Therefore additional desired 
elements and attributes can be included in the XML files such as quality, commodity 
specifications, grade, etc. 
To be able to effectively use the XML, appropriate solution architecture needed to be 
implemented. One of the most recognized and accepted solution architecture, which is 
achieving widespread acceptance within the food industry, is the use of distributed solution 
architecture. This enables traceability information to be exchanged between different 
databases and establish links between these databases along the supply chain. It will also 
enable chain participants to keep the integrity of their data by allowing them ownership of 
their traceability data. Further discussion about distributed system architectures is not 
covered by this paper.  
Conclusions 
In this paper, I have proposed a generic product centric data model for food industry that 
will enable traceability information to be exchanged, shared along the value chain. I have 
identified the basic classes of the model and the relationships used to represent the dynamic 
behavior of product as a Traceable Resource Unit (TRU) along the food supply chain.  
The traceability Information that is carried along with the product with respect to its 
lifecycle, has to be structured and exchanged in a common formal model and language such 
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as XML. The proposed model was developed using several product centric data modeling 
concept and standards such as Holon, PLM, IEC 62264 and ISO/TS 10303. 
The future research will continue improving the concepts coming from existing 
product centric data modeling standards in order to insure the full traceability of product 
lifecycle. 
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CHAPTER 4: GIS BASED FARM TRACEABILITY SPATIAL 
DATABASE MODEL FOR IP GRAIN 
Introduction 
Drastic increase of food –borne diseases in the past decade such as mad cow disease, E. 
coli, Salmonella, etc and the current fear over the possible epidemic of avian flu, and 
bioterrorism is created public demand for tighter security measures on the entire food 
production chain.  Therefore, the determination of the origin of food products is a vital for 
successful food traceability systems.  The effective traceability requires a close 
documentation of all activities beginning with farm to final consumers.  So far, there is no 
well established field based Management Information System (MIS) for monitoring the 
agricultural practices, which includes the production processes, visualization of the field 
activities, transportation; both inbound and outbound, storage activities, etc.  
To be able to achieve this goal, it is important to determine appropriate indicators for 
each farmland that is necessary for capturing minimum amount of information necessary to 
establish effective geo-traceability systems that enable users to locate, obtain, and evaluate 
precisely the origin and other qualities of agricultural products. The biggest advantage of this 
kind of system is that the geographical location is objective and verifiable, and can be linked 
to geographical co-ordinates to all pertinent traceability information. It is also possible to 
view the information on the Internet using secure geo-portals that can be developed for 
specifically for this purpose.  
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Statement of the Problem 
Discussions revolving around U.S. industrial agriculture are often concerned with 
farming methods and technologies, which include but are not limited to chemical inputs and 
subsequent environmental degradation, as well as the larger socio-environmental factors of 
how industrial agriculture has impact on global populations (Lyson 2004; Frewer et al. 
2004). Industrial agriculture and its technologies have expanded since the end of the Second 
World War. As farm technologies‘ reach and support increased over time so too have 
complementary technologies for farm accountability and efficiency such as precision farming 
technologies, i.e., Geographic Positioning System (GPS) (Wolf and Buttel 1998). These 
technologies have been able to reduce the amount of input applications for farmers, which 
help to save time and money. Likewise, precision farming has been able to decrease the 
amount of waste flowing into ground and surface water systems, therefore reducing external 
negative impacts of industrial agriculture. However, what precision farming is unable to 
account for thus far is the tracing of agricultural products, specifically grain along the food 
chain. If we consider the grains harvested in the Midwest, they are shipped to local grain 
elevators, mixed with other farmers‘ grains and then shipped and processed at other 
locations. Oftentimes the final destinations for grains are foreign markets where grains are 
used for food supplies, for both animal and human consumption as well as for seed. 
In recent years food security has become an issue here in the states (Golan et al. 2004). 
For much of the rest of the world food security is of high concern, especially in regard to 
genetically engineered foods grown and entering their borders (Frewer et al. 2004; Pyle 
2005).  GMOs, E. coli, BSE (―mad cow‖ disease), petro-chemicals, and a plethora of other 
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possibilities for food contamination are increasing the likelihood of trade barriers to go up 
around the world. Countries of Africa, China, and a number in the E.U. have already denied 
entry of many U.S. commodities, including grains and meat (Pyle 2005).   
 GIS is a technology able to complement and enhance not only farmers wishing to 
increase accountability for their products, but has the potential to increase marketability as 
well for U.S. and other global commodities in the world market. For consumers, the ability 
for GIS traceability to account for the food chain they utilize offers a piece of mind, much 
like label of origin; an understanding from whom or where their food was sourced, and what 
factors influenced the integrity of their food (Thorpe and Robinson 2004). The main problem 
and pertinent question at this point is how can GMO crops be traced in order that the 
industrial food chain can become more transparent for reflexive consumerism and activism, 
while allowing farmers to be more accountable in their operations?   
Today extensive research is underway to establish farm traceability utilizing GIS, which 
includes the option for tracing GMO crops. Based on the rising popularity of GIS technology 
(Steinberg and Steinberg 2006; Chang 2006), it can be safely assumed GIS will further 
benefit the traceability and therefore the social empowerment of both farmer and consumer in 
the future.  
Grain Supply Chain Trends in United States 
The grain supply chain in the United States is established to handle large flows of 
products that are identified in a limited variety or attributes and then commingled or 
processed to meet the quality and safety requirements of the current market. Most of the time 
blending starts as soon as farmers deliver their crops to the elevator and it continues until the 
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product is packaged; this may includes processing and manufacturing of the product. This 
transformation of the grain throughout the chain requires redefining the quality and safety 
standards at each step until it reaches the consumers. To achieve this goal, appropriate 
traceability system establishment starting from farm level must be accomplished.  
In recent years Identity Preservation (IP) has gained substantial market share. As IP 
markets expand and their production practices and become more widespread, it is likely that 
the grain commodity system itself would be altered by placing greater emphasis on quality 
(facilitated by better measurement technologies). The current grading system, which relies 
primarily on tests for visual traits such as cleanliness or damage, may be expanded to 
recognize intrinsic quality of grains and oilseeds. There are several occasions that testing is 
not feasible (as for credence attributes), therefore auditing, certification, and traceability 
systems may be needed (Dunahay, 1999). For example, organic crops rely exclusively on 
certification for ensuring product integrity. Organic producers are certified for observing 
production protocols that cover pesticides, fertilizers, cropping histories, and biotechnology. 
Their farms and fields are subject to inspection by certifying agencies, which are private 
businesses and government agencies accredited by the USDA National Organic Program 
(Greene and Kremen, 2003). 
Recently, consumer and processor demand for specialty grains, including products not 
genetically engineered, has introduced the need to differentiate product over a new set of 
quality characteristics. In a few cases, these new quality demands are accompanied by 
demands for traceability systems to track back to the farm. The elevator also plays an 
important role in quality control point for the grain supply chain. Current elevator quality and 
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safety control systems don‘t have certain procedures to address the issue of preserving the 
identity of the grain and any methodology to enable one step up and one step down 
traceability. But they control and monitor grain quality and maintain records about the 
product from farms to the elevators. Depending upon the intent of the system, labeling may 
or may not be included. For value-added products, such as certified seeds, labeling may be 
advantageous. In other cases, labeling is not desired or necessary, as when undesired 
components are maintained below established threshold levels via the certification or 
traceability system. 
Identity Preserved (IP) Grain 
Identity Preserved (IP) a grain crop means that crop is grown and handled under 
controlled conditions and delivered for specific use. Producers who have IP grain must 
follow strict handling and production practices required for quantity and uniformity. IP grain 
in general refers to specialty production, segregation, and identification of food grade crop 
varieties through specialty marketing channels so the end user of the product is assured that 
the specific variety is pure and meets minimum quality standards. 
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Figure 21. Grain differentiation trends and grain market characteristics in US 
(The Changing Face of the U.S. Grain System / ERR-35 Economic Research Service/USDA) 
In recent years, U.S. grain system is undergoing increased product differentiation and 
market segmentation. Figure above shows underlying factors and number of forces including 
biotechnology, industrial processing innovations, logistical advances, information and 
measurement technologies, and consumer preferences that have created more opportunities 
for IP products and for the development of products with specific traits as farmers sought to 
diversify outside the commodity system.  
IP grains require more coordination and communication between growers and handlers or 
processors and more sharing of information. This stems from the trait specific quality 
attributes of IP grains. Throughout the supply chain, information must be shared about raw 
materials, key ingredients, and production/manufacturing processes. Assurance of product 
quality and authentication of process/product claims is often required. Farm product suppliers 
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(for example, seed producers) must demonstrate that product attributes are verifiable and 
show supporting documentation (Good et al. 2001) 
Production requirements for IP crops differs from simply using a specific variety to 
specialized production methods such as organic crops, from preventing against GM 
contamination (non-GM crop) to crops that require an elaborate set of safeguards and 
confinement practices (pharmaceutical and industrial crops). Therefore, farms and fields are 
subject to inspection by certifying agencies, which are private businesses and government 
agencies accredited by the USDA National Organic Program (Greene and Kremen et al., 
2003). For identity verification, it is important to include process steps to review and record 
details of delivered loads and supporting certification, and costs to validate claims about IP 
(Maltsbarger and Kalaitzandonakes, 2000). IP costs are also affected by whether verification 
claims are required. Testing or documentation requirements are particularly important for 
crops marketed as non-GM, which require additional steps to avoid accidental commingling 
on the farm. In practice, this means growing border fields and staggering harvests to avoid 
pollen drift and contamination from non-GM fields (Elbehri, 2007) 
Grainsafe Program 
Grainsafe is a quality assurance program at farm level that was mainly developed to assist 
value-added grain producers, handlers and processors to provide assurance about the quality 
of the grain to buyers and end users. (Kaynak) The principle of the program is based on 
HACCP and ISO 9000:2001 quality/safety management and traceability systems to provide 
required documentation, monitoring and improvement for the current production practices. It 
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also aims to help primary producers to comply with national and international regulations 
with respect to food safety and traceability. 
The Grainsafe program is heavily rely on detailed record keeping about the grain 
production handling practices, focusing on production of non-GMO (non-genetically 
modified food corn. However, it can be modified any IP grain or oilseed crop that has to 
carry certain characteristic such as sugar or protein content from seed to delivery. Its scope 
starts from field selection and goes to the first point of sale. It is strict record keeping 
requirements allow third party or customer audits regards to quality or safety. 
As it is mentioned above Grainsafe Program was established according to HACCP 
(Hazard Analysis and Critical Control Points) principles described by the Codex 
Alimentarius Commission (CAC).CAC was created in 1963 by FAO and WHO to develop 
food standards, guidelines and related texts such as codes of practice under the Joint 
FAO/WHO Food Standards Program. The main objective of the CAC is to protect health of 
the consumers by enhancing safety, ensuring fair trade practices in the food trade, and 
promoting coordination of all food standards work undertaken by international governmental 
and non-governmental organizations (Codex Alimentarius, 2008). 
HACCP is a food safety management program that is scientifically design to identify the 
hazards that are likely to occur during production process and prevent them from happening 
(Mortimore and Wallace, 2001). Prior to adopting any HACCP systems, organizations should 
already have prerequisite programs (PRP) in place. The PRP are not part of the HACCP 
system, but are necessary for any effective HACCP system implementation (Surak, 2002). 
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For the food industry there are two PRP have been established; Good Hygiene Practices 
(GHP) and Good Manufacturing Practices (GMP). 
The Good Agricultural Practices (GAP) have also been established as the complementary 
PRP for HACCP systems (Maier, 2003). The Food and Agriculture Organization (FAO) of 
the United Nations (UN) defines GAP as the ―recommendations and available knowledge to 
addressing environmental, economic and social sustainability for in-farm production and 
post-production processes resulting in safe and healthy food and non-food agricultural 
products‖ (FAO, 2005).  
For the Successful implementation of a HACCP plan relies on completing several 
preliminary steps. These steps involve establishment of a HACCP team, clear description of 
a product and its use and constructing process flow diagram of the production process (CAC, 
2001). According to Grainsafe Programs Hazards that are likely to occur during production 
process were identified as follows; 
1. Field Selection 
If any Neighboring field contains GMO corn, through pollen drift that result with genetic 
contamination in the selected field. Also previous crop residues on the field may cause same 
type of contamination. 
2. Seed Selection 
Seed that are carries genetic impurities may result with contamination of corn seeds. 
3. Planting 
Residues of other crops or foreign material in the planter may cause contamination 
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4. Harvest  
Residues of other crops in the combine hopper and other internal parts of the combine may 
result with GMO contamination of harvested crop. 
5. Inbound Transfer 
Residues of other crops or foreign material in the cart, truck, wagons etc. which used to 
transfer grain from the field may result with GMO contamination. 
6. Storage 
Residues of other crops or foreign material in the storage areas such as bins or other storage 
structures may result with GMO contamination. 
7. Outbound Transportation 
Residues of other crops or foreign material in the vehicle, which is used for shipping grain 
from farm to next point may caused GMO contamination. Therefore, it is critical to obtain 
information about each production steps to prevent any contamination from happening.  
The figure below identifies the HACCP principles described by CAC which was taken as 
foundation principles in development of Grainsafe program as follows (CAC, 2001) 
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Figure 22. Identification of each step during HACCP implementation process 
Research Objectives 
The main objective of this project is to development of crop management monitoring 
system that will help farm land to as part of the Traceability Information System required for 
ensuring agronomic and ethical standards in crop production and supply to the markets. It is 
becoming increasingly important in ‗geo-tracking‘ food and feed production chains, 
especially for sensitive cases such as non-GMO crop, organic farming and /or where the 
certification of foods from designated geographical origin of produce is in question. Other 
issues such as food born diseases and bioterrorism treat are also the main factors that 
traceability becomes a viable issue in food sector. To be able to improve the traceability of 
food products, it is inevitable to establish corresponding traceability systems to monitor the 
IP (Identity Preserved) crop products in US.  
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The Geo- traceability Information System requires digital mapping and GIS-driven 
database development, which requires aggregated digital plot maps of the farms, agronomic 
and observation of GAP (Good Agricultural Practices) for food safety monitoring (Faalong et 
al., 2006). It also allows monitoring according to the recently developed food safety 
standards such as Grainsafe Program, or complying with insurance claims, contracting 
requirements, private sector, and consumer associations‘ demands. The project objective can 
be summarized as follows; 
 Provide information about specific production practices (IP, non-GMO, organic, etc.) 
 Visualize traceability data and make use of GIS to study the relationships     between 
environment and the production parcels 
 Reduce costs of risk management and restore consumer confidence in production 
practices  
 Provide detailed documentation for insurance companies and contractors 
 Reduction of liability and recall cost 
 Creation of an information system that is compliant with legal requirements (FDA 
Bioterrorism Act, Grainsafe Programs, etc.) 
To serve the purpose SQL Server database administrators is use to manage ArcSDE 
databases and clients.  ArcSDE technology combines ArcGIS application logic with 
information management in an RDBMS. It is utilized to enhance data management 
performance, extend the range of data types that can be stored in an RDBMS, and facilitate a 
multi-user-editing environment. (ESRI, ArcSDE) 
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The next step is to develop a reference system for geographical traceability for selected 
agricultural areas and developing IT infrastructure to ensure the appropriate data 
management tools are used for geographical traceability of the agricultural products by 
means of gathering and managing real-time data. It is possible to obtain the data by using 
real-time information platform such as GPS, yield censors, etc. that collects geotrace data and 
enables the record of the lifecycle of the product. These data can be managed to create 
individual and aggregated geo-identifier by GIS that will be assigned into predetermined 
field plots in ArcMap. 
According to ISO 9001:2000 and Grainsafe Program all the farm activities should be 
documented. Documentation should indicate, who does it, what is being done, and should 
include appropriate answers to; where, when, why and how. The GIS Based Farm 
Geotraceabiliy Modeling project will bring new solutions to find the relevant answer to these 
questions, especially it will simplified and create appropriate platform for implementation of 
quality management systems. Major innovation of the project is the use of Geographic 
Information System (GIS) ArcSDE Enterprise geodatabase solution for traceability as means 
of production history. 
Model Development 
To use of GIS in creating farm base traceability system for IP grain, several key 
techniques is implemented including the design of conceptual and logical design of 
traceability geodatase,  the construction of traceability data requirement, and mapping of 
production process flow. Both tracking and tracing information have spatial data elements 
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that can be tied to non-spatial data, which provides great convenience for accessing and 
managing these data geographically. 
Secondly, usage of Grainsafe Program for determining critical data elements for non-
GMO and IP crops traceability provided strong foundation for effective traceability system 
development at farm level. For the purpose of this thesis, the product description was based 
on non-GMO food corn. The intended end use of this product was domestic processors, or 
international markets that have strict standards to prevent entering GMO corn into their 
market. The process flow diagram below was design to outline each step for production of 
non-GMO corn according to HACCP principles. The diagram includes every steps beginning 
from fields selection, assessment of the neighboring fields and ends with shipment of the 
grain off the farm. These processes were taken as a critical data capturing point for this 
project. 
Chemical 
Application
Seed Selection
Farm Field 
Selection and 
Defining Lots
Neighboring 
Field 
Information
Planting
Chemical 
Application
Pre-Harvest 
Purity Test
Harvesting
Inbound 
Transportation
Storage
Outbound 
Transportation
 
Figure 23. Process flow diagram used in the project for non_GMO grain production and 
handling at the farm level 
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Grainsafe Program has very strict requirements in terms of records keeping for each steps 
of production. For example, during field selection for non-GMO crop planting; selected field 
should not be planted with GMO crop at least one growing season. There should be 60 feet 
buffer between selected field and the neighboring fields, which a GMO crop maybe or will 
be planted. Also there should be at least 7 days between the planting dates of selected field 
and the planting dates of the neighboring fields on which GMO corn will be or may be 
planted during the same growing season (Grainsafe Program, 2005).  
In this study GIS based geodatabase was created to develop a system that will provide 
visualization tool for record keeping, documentation procedures. The system will provide 
assurance for consumers and customers regards to safety of the product and also ease the 
auditing process by third parties.  
Reference Data Model for Grain Tracing and Tracking 
 The facilitating a GIS solution for geo-traceability from the farm field to the grocery 
store is complex, but the usage of ArcGIS geodatabase model can be ideally designed to be 
used in the creation of an interactive polygonal object (lot/parcel) that can provide history of 
production process at farm level. For example, the result of such systems can be used to 
comply with market requirements for non GMO agricultural IP production. This type of GIS 
implementation is able to maintain every transaction on each parcel, warehousing metadata, 
and other critical data needs required for future certification of GMO compliance regulations. 
The core requirements for building this model were to: 
1. Identifying historic relations between lots/ batches 
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2. Analyzing available technologies for recoding operations on lots and/or batches in 
production 
3. Identifying related variables and values on operation such as depth of the data 
requirements, and what level of information is required to create efficient tracing and 
tracking systems? 
Before the implementation of a GIS base farm traceability system, the organization should 
plan each step carefully.  
 
Figure 24. Harvesting Procedure and Data Collection 
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Tracking the movement of grain requires electronic data collection tools such as GPS, 
PDA or mobile phones. Today many of the farm equipment have built in GPS units that 
collect data automatically such as sprayers, planters, combines. Extra data regarding to other 
production practices or products attributes such as type of pesticides, seeds or machinery 
used during the production can also be gathered by using PDAs or other hand held devices. 
For example, usage of advance technology  during harvesting, the coordinates taken from an 
integrated GPS and the weight taken from a machine interface can be transmitted to the 
central GIS with using mobile technology by sending SMS to driver. Then, diver can send 
the SMS back to system indicating the loading is done (PROGIS, 2006). This way the 
optimization of the trucks for the removal and transport to the next destination can start as the 
operator knows at exactly where how much grain is waiting for transport.  
It is very important to determine when and where to collect data; and to track the changes 
of lot dynamics. By means of lot dynamics is that the harvested grain goes through several 
transformation from point of harvest to storage. During the harvesting process several 
changes occurs related to lot size and integrity. When the product is harvested by combine, it 
directly goes in to a cart that follows the combine movements throughout the harvesting. 
Filled cart leaves the combine and dumps the grain into trucks, then trucks take the grain to 
its next location. In this case assumption is that the grain is delivered to on farm storage 
units. 
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Figure 25. Analysis of the crop movement throughout harvesting, inbound and outbound 
transportation; lot dynamic changes in several points 
Therefore, when and where to collect data to keep track on this process becomes a crucial 
part of the traceability system construction. Geo-ID (identifier) is the element that should 
allow not only to trace but also to track a lot. A geo-identifier can be characterized an 
individual or aggregated geographic objects, always includes information on the (x,y) 
coordinates of the point characterizing the object.  
At the upstream of the agro-food chain, the geographic information provided by the 
(composite) geo-identifier that can be obtained by GPS or other data collection tools. It is 
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possible to disaggregate an aggregated geo-identifier into the different geo-identifiers 
(possibly also aggregated) composing it, in this case it will be possible to track back the 
history up to the initial objects such as  the individual land parcels or product lots (LAPIS, 
2007). The collected data from a field machine could comprise GPS data creating a time and 
geo-stamp for every set of data acquired (Figure 6). Another benefit of the system is the 
possibility to document the activities of the machines at given times. This could be used as 
documentation and traceability measures to comply with increasing legislative regulations in 
this area. (Jensen et al., 2007). If all machines and implements involved in the production 
process can be electronically identified the automation of the data acquisition can be realized.  
Tools Used In GIS Based Farm Traceability Project 
 ArcSDE 
ArcSDE is the major element of ArcGIS Server. It serves as a data access technology to 
spatial data within a relational database management system (ESRI, 2008). It can be used for 
reach, store and process large multiuser geographic databases which is stored in relational 
database management systems (RDBMs). It provides a suite of services, which helps to 
increase database performance, extend data types and also allow schema transfers between 
different RDBMSs. It is an important element for integrating GIS into any organization‘s IT 
system. 
ArcSDE also allows organizations to keep their data integrity regardless of the underlying 
RDBMS system. With ArcSDE, data is stored in central database and also can be utilized by 
different server platforms such as Windows, UNIX, Linux, etc 
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 Source: DWAF, 2007 
Figure 26. ArcSDE can be used to manage geographic information to make geo- data 
available to all ArcGIS applications 
ArcSDE is developed to provide enterprise GIS database management solution. Its main 
role is to provide database access engine to spatial data, its associated attributes, and 
metadata stored within a relational database management system (RDBMS) (ESRI, 2008). 
There are many advantages for using ArcSDE over ArcGIS Personal Database solution. 
ArcSDE has the capacity to enhance database management performance, It is utilized to 
enhance data management performance, provides more compressive range of data types that 
can be stored in an RDBMS, and allows a multiuser editing environment. ArcSDE allows 
you to manage spatial data in one of four commercial databases such as DB2, Microsoft SQL 
Server, Oracle and Informix. While the traditional RDBMS software is used to keep track of 
the tables and records contained in the database, ArcSDE enhances the relational model in a 
way that geographic data - which contains several tables, can be handled by client software 
78 
 
seamlessly (ESRI, 2007). The user is not aware of, nor do they have to deal with, the 
particulars of the RDBMS. Connections to the database are all routed through the ArcSDE 
middleware, which performs the storing, and retrieval of data. There are many benefits when 
using ArcSDE; 
 It provides multi user environment 
 It is built on sophisticated object model that support representation of many advance 
features, rules, and relationships—the geo-database 
 It provides data integrity for all forms of data within geodatabase will not allow ill-
formed feature geometry to be inserted   
 It enables use of Enterprise GIS 
 It also reduces data management responsibilities (Esri, 2007)        
     SQL Server 
The main advantage of using SQL server is that it is very simple to manage and anybody 
who has knowledge of SQL Server can access and manage the server. There are other 
advantages using SQL Server with ArcSDE; It increases the database performance drastically 
and it does not create any versioning problems on SQL Server. At last, use of SQL Server 
allows integration with ArcIMS Web services seamlessly; this will allow developing 
subscription base Web services for farmers to upload their data directly on the GIS server 
cost effectively. 
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Figure 27. Granting permissions to ArcSDE database users in SQL Server 
Project Process Steps 
First the necessary data layers for the project and information requirements were 
determined. Predetermination of each data layer enabled the specification of standard 
geodatabase elements such as feature classes, tables, relationships, subtypes, topologies and 
domains. After identifying data layers, next step was to develop specifications for 
representing the contents of each layer in the physical database. This process includes, how 
geographic features will be presented, for example as polygons, lines, tabular attributes, etc. 
It also includes how the data is organized into feature classes, tables and relationships.  
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Figure 28.  Hierarchical Representation of Process Design  
Above figure identifies the process steps, which was taken while successful GIS Based Farm 
Traceability System creation. 
      Identification of the Information Required for Project Design  
Data was obtained from NRGIS Library. Data layer(s) that is used in the study was; 2007 
National Agriculture Imagery Program (NAIP) Aerial Photography of Calhoun County. Rest 
of the data layers was digitized. ArcGIS Desktop Editing function was used to create farm 
parcels for the selected farm and each parcel was divided into lots to increase the precision of 
the traceability system.  
 
Test and Refine the database
Propose a database design
Define the tabular database structure and behavior for descriptive 
attributes
Group representations into datasets
SQL Server& ArcSDE installation and coordination
Identification of the key thematic layers based on the information 
requirement
Identification of the information required for project design
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Study Area and Data Layers 
 
 
 
 
 
 
 
Figure 29. Highlighted area shows the Farm that was selected for this project 
      SQL Server & ArcSDE Installation and Coordination  
To be able to access the ArcSDE server from remote locations, server should be started 
on the machine that carries the ArcSDE server. Otherwise, the connection to SDE database 
cannot be achieved. 
IOWA, Calhoun County 
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Figure 30. The ArcSDE service can be started by clicking Computer Management/ under 
Services and Application Window 
      ArcSDE Data Access 
To be able to access the spatial data, each table should be registered with ArcSDE as a 
feature class, this will allows user  to view the data in ArcGIS Desktop and register the 
feature class as versioned. It also permits to perform nonversioned edits, and register the 
table as versioned. 
Once the dataset is registered with the geodatabase, it is possible use functions such as 
relationship class, creating subtypes or domains with it. In addition, it is possible to move 
future classes into feature datasets so functions like topologies, networking, or other dataset 
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constructs can be used. To register a nonspatial table  with ArcSDE, the sdetable command 
with the register operation. 
 
Figure 31. Example of how to register tables as versioned in ArcSDE 
To be able to connect to dbo-schema geodatabase from ArcCatalog, it is important to 
change the version, which connection will be established. In general the default version is set 
to sde. DEFAULT, but when you using dbo schema, the version should change to dbo-
schema geodatabase.  
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Figure 32. Database Connection Properties Window  
 
Figure 33. How to give privileges for database users in ArcSDE geodatabase 
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It is also important to understand how to give privileges to users while accessing the 
ArcSDE geodatabase. For the study there were several privileges were granted to enable 
other database users to view modify the data in the geodatabase. When accessing the 
ArcSDE geodatabase through database server connection there are three type of permission 
you can grant the database users; Read Only, Read/Write or None (Esri, 2007).  
Attribute Data Input and Management 
Creating Spatial and Non-Spatial Attribute Data 
In GIS there are two types of attribute data can be stored: first is the spatial data, which 
represents the geometry of spatial features. And second, attribute data define the 
characteristics of the spatial features (Chang, 2005). It means attribute table is not represent 
any spatial features but it can be linked to geometry of feature by relate, join function or 
creating relationship classes within geodatabase. Both data type can be synchronized so that 
they can be displayed and analyzed accordingly. For example above, the farm database 
model has several spatial feature data table, which is linked to tabular data tables. Non-spatial 
data tables may import to geodatabase in several forms such as text files, excel files, dBASE 
files, etc. 
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Figure 34. Creating tables in ArcSDE 
Above figure is a screenshot from ArcCatalog, which shows how Chemical-Application-
Activity table was created in ArcSDE. To be able to track the crop from seed to harvest and 
harvest to transportation to next destination; several data about the activities at farm level 
should be recorded. Therefore, use of GIS technology plays a crucial role to link the 
geographical coordinate information with other attribute information about crop product and 
other interrelated entities as a spatial infrastructure (Xiao-hui et al., 2007). As mentioned 
earlier, GIS can provide functions to integrate data collection technologies such as GPS, 
GSM, or PDAs to develop the optimum functionalities for tracing and tracking.  
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Above facts were taken under consideration while creating the Farm Traceability 
geodatabase model. The information requirements for the model were determined in line 
with Grainsafe Programs. This approach allowed focusing on production of non-GMO (non-
genetically modified crop) to comply with international trade requirements. Therefore, tables 
such as Neighboring_field_ crop_info, seed info, or Pre_Harvest Purity_Test tables and 
many more were created to provide critical information about assurance of non-GMO crop 
production. 
      Creating Domains in a Geodatabase 
Domains are rules that are created to enforce data integrity. The use of domains allows 
only specified values to be entered into the data field. Domain rules can be applied to feature 
classes, tables and subtypes. There are two types of domains can be defined; coded value 
domain and range domain. Range domain can only contain numeric values while coded 
domain can contain any type of value such as text, numeric, date, etc. 
Within the study, there were several domain rules were created to minimize the data error 
and geodatabase data integrity. Below is the screenshot of domain window that was created 
in ArcSDE geodatabase. 
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Figure 35. Domains used in Farm Traceability Geodatabase 
 
Figure 36. Representation of domain values in database table  
Above screen shots shows how domain values can be selected during editing information 
into data table. The Activity type can be only contains two values. It does not allow any other 
value entry in Activity_Type field. 
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Relational Database Design 
Relational database is a collection of tables (relations) that are related to each other by 
creating unique keys such as primary and foreign keys (Chang, 2005). Primary key is a data 
which is created from combining one or more attributes in a table. Its value should uniquely 
identify a record in a table. When primary key is used in another table to link it‘s called 
foreign key. When primary key is represented in another table it enables to create 
relationship between two tables. Using relational database model allows each table in the 
database to be prepared, maintained and edited separately from other tables.  
In ArcSDE , the links  between the various datasets in a geodatabase are managed as 
relationships. There are three ways to support relationships in a geodatabase  
 Spatial relationships— creates relation between two feature classes 
 Non-spatial relationships—creates row to row relationships between two non-spatial 
tables  
 Spatial to non-spatial relationships—creates relationship between spatial feature and the 
non-spatial table (feature to row) 
In ArcGIS geodatabase, the spatial features are stored in a feature class and non-spatial 
rows are stored in tables, relationships are stored and managed in a relationship class (Esri, 
2007). When creating a relationship class; type of relationship between origin and the 
destination table was defined; origin and the destination classes, cardinality between entities, 
primary and foreign keys, simple or composite relationship, message notification direction 
should be determined in advance. ArcSDE relationship class can handle three types of 
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cardinality; one-to-one, one-to-many, or many-to-many. Once the relationship class is 
created, it is possible to specify rules to refine the cardinality. 
 Another important factor needs to be specified before creating a relationship class is 
whether it is simple or composite relationship. In a simple relationship, related objects can 
exist independently of each other. When the origin entity is deleted, foreign key value in 
destination is appear as null value. If the origin feature is deleted, there won‘t be any foreign 
key value that relates both entities with each other, the value appear as null in destination 
table. This feature helps to maintain referential integrity when there is an update or change 
occurs within the database entity. The composite relationships also maintain referential 
integrity when there is any changes occurs within objects, the difference is the destination 
entity cannot exist without origin entity, when the origin is deleted related destination objects 
are also deleted. 
Below figure is the representation of the farm traceability relational database model. As 
shown in the figure, there are several relationship were created to link the spatial data with 
spatial data and tabular data.  
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FIELD
PK CLUNBR
 Shape.area
 Shape.length
 CALCACRES
LOT
PK LOT_ID
FK1 CLUNBR
 Shape.area
 Shape.length
 Crop_Type
 Target_Genetic_Purity
 Yield
Seed_Info
PK Seed_Object_ID
FK1 LOT_ID
 Seed_Type
 Physical_Purity
 Genetic_Purity
Chemical_Application_Activity
PK Application_ID
FK1 LOT_ID
 DATE/TIME
 Activity_type
 Responsible_Party
FK2 Input_Object_ID
Chemical_Inputs
PK Input_Object_ID
 Input_Name
 Application_Rate
 Restrictions
 Chemical_Activity_Type
Crop_Info
PK Crop_ID
FK1 LOT_ID
 Crop_Type
 Projected_Yield
 Buyer
 Contracter_Info
LOT_Activity_LOG
PK LOG_Object_ID
FK1 LOT_ID
 Activity_Type
 DATE/TIME
FK2 Machinery_ID
FarmMachinery
PK Machinery_ID
 Farm_MachineryType
 MachineryCategory
 ModelName
 CompanyMade
 YearMade
STORAGE
PK Storage_ID
FK1 CLUNBR
 CALCACRES
 Shape_Leng
 Shape
 Shape.area
Neighbours
PK Field_ID
 Shape
 Shape.area
 Shape.leng
FK1 CLUNBR
Neighbouring_Fields_Current_Info
PK Crop_Info_Object_ID
FK1 Field_ID
 Crop_Type
 Crop_Class
 Buffer_Distance_Ft
Inbound_Storage_Loading
PK Inbound_Activity_ID
FK1 Storage_ID
 Bin_Capacity_bushels
 Amount_Loaded
 LOT_ID
 DATE/TIME
 Recorded_By
 Vehicle_ID
Vehicle
PK Vehicle_ID
FK1 Inbound_Activity_ID
 Outbound_Activity_ID
 Vehicle_Type
 Capacity
 Owner_Name
 Plate_No
Outbound_Transport_Activity
PK Outbound_Activity_ID
FK1 Storage_ID
 DATE/TIME
 Destination
 Destination_Address
 Amount_Transferred
PRE_HARVEST_PURITY_TEST
PK Sample_ID
FK1 CLUNBR
 DATE/TIME
 Collected_by
 Genetic_Result
 Physical_Result
 
Figure 37. Logical Data Model was created by using RDBMS model 
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When designed with RDBMS the conceptual model becomes a beginning point from 
which other implementations can be derived (forward engineering). The first step is to define 
the entities by means of identifying basic concepts of application field. This concept was 
represented as ‗spatial entities‘ or ‗features‘ in the model. The three spatial entities were 
identified in the conceptual model; these were Fields, LOTS and Storage. When the actual 
data is used during implementation phase, the GPS readings from Vehicle entity and 
Chemical Application should be accounted as spatial entity. For this project, these entities 
were identified as non-spatial entities. 
     Creating Relationships within ArcSDE Geodatabase 
After the design of logical data model and creation of feature class and tabular tables, 
relationship classes were created to link the both data types. Below is a step by step 
representation of how the relationship class was created between FIELD (PARCEL) and 
LOT entity. 
FIELD
PK CLUNBR
Shape.area
Shape.length
CALCACRES
LOT
PK LOT_ID
FK1 FIELD_ID
Shape.area
Shape.length
Crop_Type
Yield
 
Figure 38. Conceptual representation of FIELD and LOT entities and cardinality between 
both entities 
Above entities and their properties were used to create relationship class in the ArcSDE 
Farm Traceability Geodatabase. This relationship is identified as one-to-many cardinality 
rules. 
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Step 1  
 
Figure 39. Creating new relationship class by right clicking the FIELD Feature Dataset 
Step 2 
 
Figure 40. Defining the origin-destination direction of a relationship 
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Step 3 
 
Figure 41. Choosing the relationship class type and the message direction 
Step 4 
 
Figure 42. Defining the cardinality between entities 
 
95 
 
Step 5  
 
Figure 43. Defining the primary and foreign key values and the summary of the relationship 
class properties 
 The result from new relationship class can be seen in summary window at right hand 
side. It is also possible to view each relationship class properties from ArcCatalog 
 
Figure 44. Relationship class properties between two entity; feature class and non-spatial 
table 
Above figure is an example of how the neighbor fields feature class was related to crop 
information table. It is possible to view information about each relationship classes by right-
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clicking the relationship class and clicking Properties to open the Relationship Class 
Properties dialog box in ArcCatalog. 
Testing Functionality of the Farm Traceability Geodatabase 
After creation of relationship classes between entities within the ArcSDE geodatabase, 
the final ArcGIS map was created to test the database functionality.  Below the map shows 
how entities, which are defined in conceptual database model and created in ArcSDE 
database can be visualize on ArcGIS map.  Each parcel were divided in lots, each lot, parcel, 
neighboring fields and storage can be selected by using interactive selection tool in ArcGIS. 
The data regards to selected area can be reached by using information or attribute window 
under the editing tool (to be able to view data attribute window, Editing function should be 
started). Below, figure is the attribute window for LOT 21, which is also highlighted on the 
map. The attribute information of each entity regards to LOT 21can be view by clicking on 
the desired activity ID such as seed information (supplier, physical purity, genetic purity, 
type of seed, seed certifying firm and company); commodity properties (crop type, projected 
yield, buyer contract info); lot activity during production year (machinery use—application 
use and date, tillage, cultivation, year, make and model of machinery as well). 
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Figure 45. Geodatabase representation on the ArcGIS map 
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Figure 46. The Parcel (green selected area) and its neighboring field information can be 
viewed by using identify window in ArcGIS 
Above map shows how ArcGIS technology can be used among farmers and their 
neighbors to map out potential cross-pollination/contamination areas, such as adjacent fields. 
Using GIS for mapping of neighboring farm information is also one of the requirements of 
Grainsafe Program. This will prevent potential risk for pollen drift that may lead to 
contamination of non-GMO crop at selected farm level.  
Based on the complex information ArcSDE GIS is able to manipulate, farm traceability 
data flow management is dissected down to every last stage involved in the production and 
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movement of a commodity. For the farmer, this offers transparency and accountability in 
their production. Most importantly, this same model can be used for all types of farming 
methods with diverse crop rotations and  
Conclusions 
With a technology integration of  GIS will enable  many activities on the farm to be 
measured or done at once with one single click ―where is growing what‖, attributive database 
with lots of farm applications, time and workflow management, etc. These capabilities will 
provide great convenience for reaching farm production process data for government 
organization, third party certification bodies, and insurance or contractor companies.  
GIS mapping shows promise for bringing traceability and food safety standards at farm 
level. Tracing non-GMO crop production and the data collected for increasing marketability 
of IP products can be combined to help reduce consumer anxiety domestic and international 
scale. Research in food safety has already confirmed consumers are wary of the current food 
system‘s standards; pesticides, food borne illnesses, and the uncertainty of GMO crop side 
effects have become increasingly hot topics of debate (Pyle 2005; Burton et al. 2001). 
Considering GIS technology has only recently been utilized for food traceability, the 
deterministic nature of the users and developers for this technology will continue to improve 
upon its current capabilities. 
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GENERAL CONCLUSION AND FUTURE OBJECTIVES 
Well-established data acquisition and sharing in regards to food products along with its 
process history is the core of the successful traceability system functioning. Today new 
advancements in data collection technology enables us to collect, store and use the data to 
supplement supply chain activities such as logistics of product movement, managing 
production environment, or complying with data keeping requirements, etc.  
 Therefore, with the adaptation of these advancements, such as barcoding, RFID, XML, 
GIS, etc. enables electronic communication and traceability information exchange among 
supply chain participants. More pilot studies need to be conducted testing the effectiveness of 
these technologies and determining the benefits of whole chain traceability not only as a tool 
for enhancing food safety but also as a differentiator at the market place.  
 
 
 
 
 
 
 
 
 
 
 
103 
 
APPENDIX: SCOR MODEL DAIRY SUPPLY CHAIN APPLICATION 
SCOR Model Overview 
Score model is an effective tool to link and manage every aspect of supply chain 
segments by using business process, metrics, technology, best practices.  This enables better 
communication between supply chain parties and more effective supply chain management 
(Supply Chain Council, 2008). 
 
Figure 47.  SCOR Model (Supply Chain Council, 2008) 
SCOR is a supply chain management tool, which includes supplier‘s supplier to the 
customer‘s customer. It compasses following areas; 
 Customer relations and correspondence from order to delivery 
 Product related transactions such as equipment, supplies, raw material, etc. 
 Demand forecasting and other marketing aspects of operations 
104 
 
 
Figure 48.  SCOR Hierarchy (Supply Chain Council, 2008) 
The basic structure of the reference-model focuses on the four key Supply Chain 
processes: plan, source, make, and deliver. In our model we included only three of the 
component, source –make-deliver (Dutta, 2003). 
The purpose of the SCOR Thread Diagram is to determine the critical data elements and 
their location in regards to enabling whole chain traceability between different supply chain 
partners.  
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SCOR Thread Diagram Modeling 
Thread diagram is used for configuration of a supply chain is driven by plan levels of 
aggregation, information sources, source location, methods for make production sites, 
delivery channels, products inventory deployments. In this model we use simple milk 
processing supply chain to identify the data critical location(s) for purpose of whole chain 
traceability system implementation. Below table defines the activity codes, which will be 
used as a reference codes in SCOR modeling table and thread diagram.  
Table 1. Associated Codes with Activities    
 
Source 
S1 Make to Stock  
S2 Make to Order 
S3 Engineer to Order 
 
Make 
M1 Make to Stock 
M2 Make to Order 
M3 Engineer to Order 
 
Deliver 
D1 Deliver to Stock 
D2 Deliver to Order 
D2 Deliver to Engineer 
D4 Deliver Retail Product 
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Table 2. SCOR Modeling Table 
 
 
Figure . Thread Diagram for Milk Supply Chain 
107 
 
 
Highlighted boxes indicate the critical activities that need to be examined carefully prior 
to any traceability system implementation. Below table was created to define the traceability 
critical activities and its properties needs to be captured, recorded and link with previous and 
next activity in the chain.  
Table 3. Traceability Critical Activities within the Milk Supply Chain 
 
Process Elements Activities Data Elements Traceability 
S2.1 Scheduling product 
deliveries: Sending 
purchase order 
P.O number 
Quantity 
Unit 
Product Spec. 
Storing P. O Details 
Electronically 
 
S2.2 Received product and 
verification 
Q.A test results 
Lot# 
GTIN, GLN, SSCC  
(if applicable) 
Supplier Name 
Date 
Quantity 
Unit 
Storing and syncing 
the Q.A data with 
TRU ID  
Recording TRU 
related product 
attributes 
electronically 
M1.5 Harvesting of feed Crop type 
Date of harvest 
Lot# 
Quantity 
Unit 
Location 
Farm ID 
Recording and 
syncing Harvest 
operation data 
electronically. 
Creating link 
between Harvest data 
and 
distribution/Storage 
process 
M2.7 Product Staging at retail 
level 
Product Lot number 
Expiration date 
Brand Name  
Record item level 
information with 
previous TRU (case 
level) 
D1 Product Storing Lot Number/TRU 
Unique ID 
Product Description 
Quantity 
Unit 
Product Specs 
TRU Id should be 
link to previous step 
and other TRU 
information should 
be capture and store 
electronically 
D2 Product EDI msg/Shipment Use of EDI/or 
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Shipment/Delivery and 
Delivery 
Notification/Confirmation 
Manifest ID 
TRU IDs 
Product Specs 
Quantity 
Unit 
advance delivery 
message should be 
communicated with 
the customer/ 
Information should 
be stored internally   
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